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ABSTRACT: EzperimentaZ research  <s ,conducted 
on t h e  process  o f ' spontaneous  condensat ion  of 
steam i n  a p l a n e  Lava2 n o z x z e .  Measurement is 
made of t h e  s t a t i c  p res sure  d i s t r i b u t i o n  aZong 
a c o n d u i t .  The appZicat ion  o f  t h e  opt icaZ 
method f a c i Z i t a t e s  t h e  de t e rmina t ion  of  t h e  
dimension and number o f  p a r t i c Z e s  in t h e  Ziquid 
phase.  The Zaw o f  drop fo rmat ion  a s  a f u n c t i o n  
of t ime is presen ted .  
tween t h e  ob.tained r e s u Z t s  and t h e  qZassicat  
theory  of  nucZear condensat ion .  

Comparisan i s  made be-  

I 

More and more a t t e n t i o n  h a s  r e c e n t l y  been  p a i d  t o  condensa -  ./a11 - 
t i o n  p r o c e s s e s  o f  steams, t h e  coQponenfs  o f  a i r  and  a l k a l i  metal  
v a p o r s  as  t h e y  f l o w  t h r o u g h  c o n v e r g e n t  c h a n n e l s .  

D e s p i t e  t h e  l a r g e  amount o f  r e s e a r c h  done b o t h  i n  o u r . c o u n t r y  

A s imi l a r  p o s i t i o n  i s  e x p l a i n e d  

and  a b r o a d ,  t h e r e  i s  n o t  y e t  a r e l i a b l e  method f o r  c a l c u l a t i n g  
t h e s e  p r o c e s s e s  which  cab c o r r e c t l y  r e f l e c t  t h e  p h y s i c a l  p a t t e r n  
of t h e  p r o c e s s  a n d  y e t  b e  s i m p l e .  
by t h e  a l m o s t  t o t a l  a b s e n c e  o f  e x p e r i m e n t a l  d a t a  on t h e  k i n e t i c s  o f  
c o n d e n s a t i o n .  

RefereDee E l ] ,  t h e  d i s s e r t a t i o n s  o f  G . V .  T s i k l a u r i l  a n d  G . A .  
S a l t a n o v 2 ,  a n d  a l s o  t h e  r e s e a r c h  o f  G .  Gyarmathy [ 2 1  showed t h a t  
t h e r e  w a s  a s i g n i f i c a n t  i n f l u e n c e  o f  t h e  r a t e  o f  t h e  e x p a n s i o n  
p r o c e s s  on  t h e  v a l u e  of t h e  s u p e r c o o l i n g  which  p r e c e d e s  t h e  b e g i n - .  
n i n g  o f  s t e a m  c o n d e n s a t i o n .  However, t h e  a c t u a l  mechanism of  spon-  
t a n e o u s  c o n d e n s a t i o n  ( t h e  number and  d i m e n s i o n s  o f  t h e  f o r m i n g  d r o p s ,  
t h e i r  d e v e l o p m e n t  r a t e ,  e t c . )  h a s  n o t  y e t  b e e n  i n v e s t i g a t e d  e x p e r i -  
men t a l l y  '. 

T o  s o l v e  t h i s  problem t h e  a u t h o r s  d e v e l o p e d  a r e s e a r c h  pro- 
c e d u r e  and b u i l t  an  e x p e r i m e n t a l  a p p a r a t u s .  I n  o u r  work w e  u s e d  ' 
t h e  o p t i c a l  me thod ,  which a t  t h e  p r e s e n t  t i m e  i s  t h e  most  r a t i o n a l  
i n  p r o b l e m s  of  t h i s  t y p e .  T h e o r e t i c a l  a n a l y s i s  and p r e l i m i n a r y  
i n v e s t i g a t i o n s ,  made e a r l i e r  on e x p e r i m e n t a l  equ ipmen t  b a s e d  on  a 
Kazanskaya  T E T s - 1 ,  showed t h a t  a l l  t h e  known o p t i c a l  me thods  u s e d  
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Numbers i n  h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  



i n  p r a c t i c e  f o r  s t u d y i n g  d i s p e r s i o n  m e d i a  C 3 - 5 1  were i n a p p l i c a b l e ,  
i n  t h i s  case  due t o  t h e  e x t r e m e l y  s m a l l  s i z e  o f  t h e  p a r t i c l e s  when 
t h e i r  c o n c e n t r a t i o n  w a s  i n s i g n i f i c a n t ,  and  a l s o  due  t o  t h e  a c t u a l l y  
a t t a i n e d  d i m e n s i o n s  of t h e  l i g h t - d i f f u s i n g  volume.  

To i n v e s t i g a t e  t h e s e  med ia  w e  p r o p o s e  i n  t h i s  a r t i c l e  a method 
b a s e d  n o t  on t h e  d e t e r m i n a t i o n  of t h e  d i f f e r e n c e  o f  t w q  l a r g e  meas- 

u r e d  v a l u e s ,  i . " e . ,  t h e  i n t e n s i t y  o f  t h e  i n c & d e n t  l i g h t  beam and 
t h e  l i g h t  beam p a s s i n g  throLigh t h e  d i s p e r s i n g  medium, as i n  r e f e r -  
e n c e s  [ 4 , 5 1  and t h e  d i s s e r t a t i o n  o f  S.M. Baza rov3 ,  w h i c h ,  i n - t h i s  
c a s e ,  i s  v e r y  s m a l l .  R a t h e r  t h i s  method i s  b a s e d  on a measurement  
o f  o n l y  one  v a l u e ' ,  i . e . ,  t h e  i n t e n s i t y  o f  t h e  l i g h t  d i f f u s e d  by  t h e  
medium a t  a p a r t i c u l a r  a n g l e .  I n  our e x p e r i m e n t  w e  measu red  t h e  
i n t e n s i t y  of  l i g h t  d i f f u s e d .  a t  a n  a n g l e  of  90° t o  t h e  d i r e c t i o n  o f  /31 
t h e  p r o p a g a t i o n  o f  t h e  i n c i d e n t  beams, By c o m p a r i s o n  o f  the,*mea- 
s u r e d  i n t e n s i t y  w i t h  t h e  i n t e n s i t y  o f  t h e  m o l e c u l a r  d i f f u s i o n  o f  
s p e c i a l l y  c h o s e n  s t a n d a r d  f l u i d s  w e  determined,  t h e  c o e f f i c i e n t  of 
d i s p e r s i o n  R g O ,  whose v a l u e  depends  on t h e  c o n d i t i o n s  u n d e r  which 
t h e  e x p e r i m e n t  i s  c o n d u c t e d  a n d ' i s  a f u n c t i o n  onUy o f  t h e  l i g h t -  
d i f f u s i n g  c h a r a c t e r i s t i c s  o f  t h e  medium which ,  i n  t h i s  case ,  a r e  
t h e  d i m e n s i o n  and number of  drops,  and $ h e  i n d e x  of r e f r a c t i o n  of 
t h e ' d r o p  m a t e r i a l .  

F i g u r e  1 shows a f u n d a m e n t a l  s c h e m a t i c  o f  t h e  e x p e r i m e n t .  
S u p e r h e a t e d  steam f rom t h e  l a s t  s t a g e s  o f  t h e  t u r b i n e s  w i t h  a p r e s -  
s u r e  of 8 b a r  and a t e m p & r a t u r e  t = 250° C e n t e r s  t h r a u g h  v a l v e  Y1 
and  t h e  m e a s u r i n g  d i aphragm Dst i n t o  t h e  c o o l e r  C f rom which It i s  
d i r e c t e d  t o  t h e  e n t r a n c e  r e c e i v e r  (1) where  t h e  v e l o c i t y  f i e l d s  
a re  b a l a n c e d ,  t h e  p u l s a t i o n s  d e c r e a s e d  and  t h e  f l o w  d e c e l e r a t e d .  
The i n v e s t i g a t e d  n o z z l e  i's a t t a c h e d  t o  t h e  f l a n g e s  of  t h e  e n t r a n c e  
r e c e i v e r  ( U - a n d  t h e  e x i t  r e c e i v e r  ( 3 )  f rom which  t h e  steam i s  
sucked  by a n  e j e c t o r ,  p r o v i d i n g  a c o n s t a n t  p r e s s u r e  a t  t h e  e x i t  
of 0 . 3  b a r .  To c o n d u c t  t h e  o p t i c a l  m e a s u r e m e n t s ,  t h e  v i s u a l  o b s e r -  
v a t i o n  and p h o t o g r a p h y  o f  t h e  p r o c e s s  o f  steam e f f l u x ,  t h e  p l a n e  . 
n o z z l e  had  t r a n s p a r e n t  s i d e  w a l l s  ( 2 )  and a t r a n s p a r e n t  u p p e r  w a l l  
made o f  K108 o p t i c a l  g l a s s .  The s e a l s  were made a i r - t i g h t  u s i n g  
t h i n  t e f l o n  g a s k e t s ,  epoxy r e s i n  and " H e r m e t i c "  p a s t e .  The p r o f i l e  
o f  t h e  n o z z l e  was d e t e r m i n e d  by t h e  s h a p e  of t h e  s t e e l  o x i d i z e d  
l o w e r  b u s h i n g  (16). The a x i s  05 t h e  o p t i c a l  i n s t r u m e n t  (7) w a s  
a l i g n e d  p e r p e n d i c u l a r  t o  t h e  l o n g i t u d i n a l  a x i s  of t h e  n o z z l e .  T h e '  
i n s t r u m e n t  w a s  a u t o m a t i c a l l y  moved a c r o s s  t h e  n o z z l e  u s i n g  a eo-  1 
o r d i n a t e  S p a c e r  ( 8 )  by an e l e c t r i c  moto r  ( 9 ) .  The o p t i c a l  i n s t r u -  
ment i t s e l f  h a s  t h r e e  componen t s :  a n  i l l u m i n a t o r  (101, a r e c e i v e r  
f o r  d i f f u s e d  l i g h t  (11) and a r e c e i v e r  f o r  p a s s i n g  l i g h t ,  (12) 
t i g h t l y  s e a l e d  by a b r a c k e t  ( 1 3 ) .  The l a t t e r  i s  on r u n n e r s  which 
move a l o n g  t h e  b a s e  ( 1 5 )  of  t h e  c o o r d i n a t e  s p a c e r  (8). 

V i s u a l  o b s e r v a t i o n s  were made u s i n g  t h e  i l l u m i n a t o r  ( 6 )  which 
d i r e c t s  a p a r a l l e l  l i g h t  beam a l o n g  t h e  a x i s  o f  %-he n o z z l e .  T o  

1-967. 
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19 , , 

F i g .  1. A Schematic  o f  t h e  E x p e r i m e n t a l  Equipment .  

/32 - p r o t e c t  t h e  c o v e r  g l a s s  f rom e r o s i o n  b y  d r o p s  of m o i s t u r e ,  w e  
i n s t a l l e d  a s c r e e n  ( 4 ) .  When we were making o b s e r v a t i o n s  and  p h o t o -  
g r a p h i c  s t u d y ,  t h e  s c r e e n  w a s  a l i g n e d  a l o n g  t h e  a x i s  of t h e  n o z z l e ,  

Dur ing  t h e  e x p e r i m e n t s  w e  m-easured t h e  f o l l o w i n g  p a r a m e t e r s :  
t h e  f l o w  r a t e  o f  t h e  s u p e r h e a t e d  s team ( t h r o u g h  d iaphragm DSt) and 
c o o l i n g  water ( t h r o u g h  d iaphragm D w ) ,  u s i n g  a v o l u m e e r i c  f l o w m e t e r  
P ,  t h e  amount of m o i s t u r e  s e p a r a t e d  o u t  on t h e  w a l l s  of  t h e  s u p p l y  
p i p e  a n d  r e c e i v e r  (1) ( b y  t h e  m e a s u r i n g  t a n k  TI. P r e s s u r e  a n d  
t e m p e r a t u r e  o f  t h e  steam i n  t h e  r e c e i v e r  ( b y  s a m p l e s )  by t h e  mano- 
meters  P 2  and P 3 ,  t h e  t h e r m o m e t e r  T and  four chromel -cope1  the rmo-  
c o u p l e s  T 3  - Ts. We measured  t h e  s t a t i c  p r e s s u r e  a l o n g  t h e  c o n d u i t  
and  made o p t i c a l  measu remen t s .  

The s t a t i c  p r e s s u r e  a l o n g  t h e  n o z z l e  was sampled  t h r o u g h  a p e r -  
t u r e s  w i t h  a d i a m e t e r  of 0 . 9  mm p l a c e d  a t  i n t e r v a l s  of 2 . 5  mm i n  
t h e  l o w e r  b u s h i n g  (16). The p r e s s u r e  w a s  measu red  by m e r c u r y  mano- 
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m e t e r s  p l a c e d  on  o n e  p a n e l .  I n  t h e  s e c o n d  p h a s e  o f  our work t h e  
s t a t i c  p r e s s u r e  was measu red  by  a p r o b e  (171, moved a l o n g  t h e  
r e c t i l i n e a r  u p p e r  w a l l  o f  t h e  n o z z l e .  The p r o b e  w a s  a t u b e  w i t h  a- 
d i a m e t e r  of 3 mm made of 
sample  t h e  p r e s s u r e  i n  t h e  t u b e ,  f o u r  h o l e s  wer.e d r i l l e d  ( i n  o n e  cross  
s e c t i o n  w i t h  d i a m e t e r  -of 0 .5  mm). The p r o b e  w a s  moved u s i n g  a co-'"*--"- 
o r d i n a t e  s p a c e r  ( 1 8 ) .  The s t a t i c  p r e s s u r e  w a s  measu red  by m e r c u r y  
and  s p r i n g - l o a d e d  ( P 3 )  manometers .  B e f o r e  m e a s u r i n g ,  t h e  p r o b e  and  
t h e  e n t i r e  m e a s u r i n g  l i n e  we're p u r g e d  w i t h  compressed  a i r  f rom v a l v e  
( 1 9 ) .  D u r i n g  t h e  p r o b i n g , o p e r a t i o n  t h e  i l l u m i n a t o r  ( 6 )  w a s  a imed 
from t h e  d i r e c t i o n  of r e c e i v e r  (1) ( t h e  d o t t e d . l i n e ) .  

-- - " 
s t a i n l e s s  s t e e l  s e a l e d  a t  t h e L n d .  TO -- -__. -.l__l_l_ 

O p t i c a l  measu remen t s  were made a t  n i g h t  t i m e ,  i n  t o t a l  d a r k -  
n e s s .  S p e c i a l  a t t e n t i o n  w a s  p a i d  t o  t h e  c l e a n l i n e s s  o f  t h e  o p t i c a l  
components  and  t h e  windows ,o f  t he ,  n o z z l e .  B e f o r e  b e g i n n i n g  tihe 
e x p e r i m e n t s  t h e  e n t i r e  steam l i n e  w a s  pu rged ,  f o r  a day  w i t h  com- 
p r e s s e d  a i r .  T o  p r e v e n t  t h e  a c c i d e n t a l  i n c i d v c e  o f  steam o f  t h e  
t r a n s p a r e n t  p a r t s  o f  t h e  o p t i c a l  i n s t r u m e n t ,  w e  s e t  up a s c r e e n  o f  
d r y  compressed  a i r  be tween t h e  h o z z l e  and  t h e  components  o f  t h e  . 
i n s t r u m e n t .  The o p t i c a l  measu remen t s  were r e d u c e d  t o  measu r ing  
t h e  i n t e n s i t i e s  o f  t h e  p a s s i n g  an.d d i f f u s e d  l i g h t 4 ,  formed i n  
r e c e i v e r s  (11) and  ( 1 2 )  by FEU-19M"'type p h o t o m u l t i p l i e r s  i n t o  a n  
e l e c t r i c  s i g n a l .  The power s u p p l y  t o  a l l  t h e  i n s t r u m e n t s  i n c l u d i n g  
t h e  a u t o t r a n s f o r m e r  o f  t h e  h e a t i n g  c u r r e n t  o f  t h e  i l l u m i n a t o r  lamp 
(10) was a c c o m p l i s h e d  from a f e r r o r e s o n a n c e  s t a b i l i z e r .  V o l t a g e  
w a s  s u p p l i e d  t o  t h e  e l e c i r o d e s  o f  t h e  p h o t o m u l t i p l i e r  rfrom a t y p e  
VS-22 h i g h  v o l t a g e  s t a b i l i z e d  r e c t i f i e r  t h r o u g h  a v o l t a g e  d i v i d e r .  
The p h o t o c u r r e n t  o f  t h e  p a s s i n g  l i g h t  r e c e i v e r  ( 1 2 1 ,  which  i n  t h e  - /32 
a b s e n c e  o f  n o t i c e a b l e  weaken ing  ' o f  t h e  l i g h t  r a y s  by t h e  d i f f u s i o n  
medium se rves  t o  k e e p  t h e ' i n c i d e n t  l i g h t  f l u x  c o n s t a n t ,  i s  d e t e c t e d  
by a n  F-359-compensa t ing  a m p l i f i e r  and  r e c o r d e d  on a n  EPP-09 r e -  
c o r d i n g  p o t e n t i o m e t e r .  The p h o t o c u r r e n t  o f  t h e  d i f f u s e d  l i g h t  
r e c e i v e r  (11) w a s  r e c o r d e d  by a r e c o r d i n g  e l e c t r o n i c  EPPV-6OMZ po-  
t e n t i o m e t e r  w i t h  a h i g h  impedance  i n p u t  s e c t i o n .  T o  k e e p  t h e  h e a t -  
i n g  c u r r e n t  of t h e  i l l u m i n a t o r  lamp c o n s t a n t  w e  u s e d  a n  N-372 r e - '  
c o r d i n g  i n s t r u m e n t .  

V i s u a l  o b s e r v a t i o n s  and  p h o t o g r a p h s  o f  t h e  p r o c e s s  o f  steam 
e f f l u x  from n o z z l e s  of v a r i o u s  p r o f i I e s ,  made b o t h  i n  t h e  c o u r s e  
of o u r  work and  e a r l i e r  e f f o r t s ,  a l l o w e d  us  t o  p r e s e n 2  a q u a l i t a t i v e  
p i c t u r e  o f  t h e  p r o c e s s  o f  s p o n t a n e o u s  c o n d e n s a t i o n .  Thus ,  i n  a l l  
o p e r a t i n g ' r e g i m e s  o f  t h e  n o z z l e  examined  h e r e  ( c f .  F i g .  2 )  t h e  zone  
o f  m o i s t  steam w a s  f i x e d  by t h e  a p p e a r a n c e  o f  c h a r a c t e r i s t i c  l u m i n e s -  

J 

~~ _ _  

I n  c e r t a i n  p a r t i c u l a r  cases o f  t h e  o p e r a t i o n  o f  t h e  n o z z l e  ( f o r  
example  i n  t h e  p r e s e n c e  o f  r o u g h l y  d i s p e r s e d  m o i s t u r e  a t  t h e  e n t r a n c e  
t o  t h e  n o z z l e )  t h e  o p t i c a l  i n s t r u m e n t  ( 7 )  a l l o w e d  u s  t o  t a k e  measure- 
ments  by t h e  l e a s t  a n g l e  method [ a ] .  T o  do t h i s  ,$he r e c e i v e r  o f  
p a s s i n g  l i g h t  ( 1 2 )  w a s  r e p l a c e d  by t h e  u n i t  o f  a l o n g - f o c u s  l e n s  
( 2 0 )  and  t h e  movable  u n i t  o f  a p h o t o m u l t i p l i e r  ( 2 1 1 ,  moved by t h e  
c o o r d i n a t e  s p a c e r  ( 2 2 ) .  
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F i g .  2 .  The Change i n  t h e  S t a t i c  P r e s s u r e  and t h e  Dimens ion  of  t h e  
Drops o f  M o i s t u r e  Along t h e  Leng th  of t h e  Nozz le :  1 - Po = 2 . 3 9  b a r ,  
t o  = 154O C ;  2 - P o  = 2 . 8 4  b a r ,  to = 168O C; 3 - P o  = 3.16 b a r ,  $0 = 
171O C; 4 - Po = 3 . 6 3  b a r ,  t o  = 180° C .  

s c e n c e ,  whose c o l o r  and  i n t e n s i t y  v a r y  a l o n g  t h e  n o z z l e  and  a re  
f u n c t i o n s  of  t h e  i n i t i a l  p a r a m e t e r s  of t h e  steam and  o f  t h e  p a r a -  
m e t e r s ,  c o r r e s p o n d i n g  t o  t h e  s a k u r a t i o n  s t a t e .  With .low i n i t i a l  
p a r a m e t e r s  ( P i  -= 0 . 7  - 1 . 5  b a r )  w e  o b s e r v e d  a s c a r c e l y  p e r c e p t i b l e '  
l i g h t - b l u e  l u m i n e s c e n c e ,  The b o u n d a r y  b e t w e e n  t h e  z o n e s  o f  s u p e r -  
c o o l e d  a n d  m o i s t  steam w a s  p o o r l y  d e f i n e d .  A s  t h e  i n i t i a l  p r e s s u r e  
i n c r e a s e s ,  t h e  i n t e n s i t y  o f  t h e  l u m i n e s c e n c e  i n  a g i v e n  c r o s s  sec- 
t i o n  o f  t h e  n o z z l e  i n c r e a ' s e s  d r a s t i c a l l y ,  a n d  t h e  i n d i c a t e d  b o u n d a r y  
becomes more d i s t i n c t .  I n  a l l  r e g i m e s  t h e  b o u n d a r y  w a s  p r a c t i c a l l y  
p l a n a r ,  p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  n o z z l e .  We s h o u l d  m e n t i o n  
i n  p a s s i n g  t h a t  e a r l i e r  a t t e m p t s  a t  o b s e r v i n g  t h e  p r o c e s s  o f  spon-  
t a n e o u s  c o n d e n s a t i o n  i n  p a s s i n g  l i g h t  ( t h e  l i g h t  s o u r c e ,  t h e  o b s e r v e r  
a n d  t h e  o b s e r v e d  cross s e c t i o n  were a11 i n  a s t r a i g h t  l i n e - )  a n d  
a l s o  i n v e s t i g a t i o n s  u s i n g  t h e  shadow method d i d  n o t  y i e l d  any  p o s i -  
t-Lve r e s u l t s . '  Not one  of  t h e s e  me thods  a l l o w e d  u s  t o  d i v i d e  t h e  

/3: 
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zone  o f  m o i s t  steam f rom t h e  zone  o f  d r y  and s u p e r c o o l e d  steam. 

Measurements  o f  t h e  s t a t i c  p r e s s u r e  ( F i g ,  2 )  showed t h a t  t h e  . '; b e g i n n i n g  o f  c o n d e n s a t i o n ,  as w a s  a l s o  shown i n  [l, 21 and  i n  t h e  
d i s s e r t a t i o n s  o f  G . B .  T s i k l a u r i ,  and  G.A. S a l t a n o v ,  i s  c h a r a c t e r -  
i z e d  by a change  i n  t h e  p r e s s u r e  c u r v e  P / P o  = f(z). I n  a l l  regimes 
t h e  p r e s s u r e  c u r v e  i n  t h e  i n i t i a l  s t a g e  of  c o n d e n s a t i o p  fo rms  a 
k i n d  o f  s t e p  K -" K ' ,  whose s h a p e ,  e x t e n t  and  p o s i t i o n  f o r  t h e  i n v e s -  
t i g a t e d  n o z z l e  v a r y  w i t h  t h e 3 v a l u e s  of t h e  i n i t a l  s u p e r h e a t i n g  and  
t h e  p a r a m e t e r s  c o r r e s p o n d i n g  t o  t h e  s a t u r a t i o n  s t a t e  ( t h e  S p o i n t s  
on  t h e  p r e s s u r e  c u r v e ) .  I 

A s  i n  [ 2 ] ,  i n  our work t h e  s t e p  K - K '  c o u l d  have  b e e n  v e r t i c a l  
or had a n  upward s l o p e .  A s . a  r u l e ,  w i t h  l a r g e  v a l u e s  o f  t h e  p a r a -  
meters a t  t h e  e n t r a n c e  ( P i  = 3-4 b a r )  i n  t h e  i n i t i a l  c o n d e n s a t j o n  
z o n e ,  t h e  p r e s s u r e  c u r v e  r i s e s  somewhat and t h e  l e n g t h  o f  t h e  s t e p  
i s  s m a l l ;  w i t h  s m a l l  v a l u e s  o f  t h e  p a r a m e t e r s  J P i  = 0 . 7  - 2 b a r ) ,  
t h e  s t e p  K - K '  i s  h o r i z o n t a l  o r  o n l y  s l i g h t l y  s l o p e d  downst ream 
and  i t s  l e n g t h  i s  g r e a t e r .  With a n  i n c r e a s e  i n  t h e  i n i t i a l  s u p e r -  
h e a t i n g ,  as w a s  shown i n  t h e  r e f e r e n c e  o f  G.B. T s i k l a u r i  and  M . Y e ,  
Deych [l] and  G . A .  S a l t a n o v ,  t h e  b e g i n q i n g  o f  c o n d e n s a t i o n  s h i f t s  
t o  t h e  e x i t  c r o s s  s e c t i o n  o f  t h e  nozzlse.  I 

Measurements  of t h e  i n t e n s i t y  o f  d i f f u s e d  l i g h t  I90 al . lowed us 
t o  d e t e r m i n e  t h e  d i f f u s i o n  c o e f f i c i e n t  Rgo, d e t e r m i n e d  by t h e  

r r e l a t i o n s h i p  I i 

.. 
where I o  i s - t h e  i n t e n s i t y  o f  t h e  i n c i d e n t  l i g h t ,  V i s  t h e  d i f f u s i n g  
volume,  L i s  t h e  d i s t a n c e  f rom t h e  c e n t e r  o f  t 'he d i f f u s i n g  volume 
t o  t h e  l i g h t  r e c e i v e r  ( p h o t o m u l t i p l i e r ) .  . .  

Using  t h e  R a y l e i g h  f o r m u l a  f o r  t h e  i n t e n s i t y  I o f  l i g h t ,  ~ ' 

d i f f u s e d  on a s m a l l  p a r t i c l e ,  
-. I 

w h e r e , h  i s  t h e  w a v e l e n g t h  of  t h e  d i f f u s e d  l i g h t ,  m i s  t h e  i n d e x  o f  

r i-s t h e  r a d i u s  of t h e  p a r t i c l e s ,  w e  may o b t a i n  t h e  r e l a t i o n s h i p  
be tween  t h e  d i s p e r s i o n  c o e f f i c i e n t  and  t h e  c h a r a c t e r i s t i c s  o f  t h e  

f r a c t i o n  o f  t h e  p a r t i c l e  mate ' r ia l ,  B is t h e  a n g l e  o f  o b s e r v a t i o n ;  

. d i s p e r s i o n  medium: 
- - - - _  
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where S i s  t h e  volume c o n c e n t r a t i o n  o f  t h e  l i q u i d  p h a s e .  

I t  is  c l e a r  f rom f o r m u l a  ( 3 )  t h a t  t h e  d i f f u s i o n  c o e f f i c i e n t  
i s  c l o s e l y  r e l a t e d  t o  t h e  d i m e n s i o n  o f  t h e  d r o p  Rgo - r 3 .  

The e x p r e s s i o n  f o r  t h e  volume c o n c e n t r a t i o n  of  the f l u i d  
p h a s e  i n  v a p o r  steam h a s  t h e  form 

2 .  \ 

Y '31 S =  1 
* _  

I 

(4) 

where  y is t h e  d e g r e e  of m o i s t u r e  o f  t h e  steam; 2 . ' ~  and  V S t  a r e $  
r e s p e c t i v e l y ,  t h e  s p e c i f i c  vo lumes  of l i q u i d  and v a p o r  s t e a m t  

The number o f  d r o p s  i n  a u n i t  volume i s  d e t e r m i n e d  by :  

L 

8 

where 2.'d i s  t h e  volume of  a d r o p .  

F i g u r e s  2 - 5  show t h e  r e s u l t s  
m e n t a l  d a t a  u s i n g  ( 3 )  - ( 5 ) .  The 

. -  

F i g .  3 .  The Dimension and  Num--- 
b e r  of  Drops  a s  a F u n c t i o n  of  
t h e  S a t u r a t i o n  Parameters :  
(1) P = f ( P s a t ) ;  ( 2 )  z = f ( P s a t ) *  

F i g .  4 .  The Change i n  t h e  Mass 
# 

Dimension of  t h e  Drops Along t h e  
Leng th  of t h e  Nozz le :  PO = 2.84 
b a r ;  t o  = 168O C :  (1) r = f(e); 

P o p t i o n  o f  t h e  L i q u i d  and  t h e  

( 2 )  y = f (d .  

r 
... . * 

of i n t e r p r e t a t i o n  o f  t h e  ' e x p e r i -  /3: 
v a J u e s  of  t h e  d e g r e e  o f  m o i s t u r e  

# 
.I 

y and t h e  volume of  steam v , t  were d e t e r m i n e d  f rom t h e  r e s u l t s  o f  
measu remen t s  o f  t h e  s t a t i c  p r e s s u r e  i n  t h e  zone  o f  d e v e l o p e d  con-  
d e n s a t i o n  ( i n  t h e  r e g i o n  of small  p r e s s u r e  g r a d i e n t s  n e a r  t h e  e x i t  
c r o s s  s e c t i o n  of t h e  n o z z l e ) .  The number o f  d r o p s  i n  t h i s '  r e g i o n  
w a s  d e t e r m i n e d  f rom fo rmula  ( 5 ) .  S u b s e q u e n t  i n t e r p r e t a t i o n  of t h e  
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e x p e r i m e n t a l  d a t a  w a s  made on t h e  a s s u m p t i o n  t h a t  t h e  number of 
d r o p s  p e r  . u n i t  mass w a s  c o n s t a n t  w i t h  a g i v e n ' o p e r a t i n g  r e g i m e  of  
t h e  n o z z l e .  

Based on  t h e  measu remen t s  of  t h e d i s p e r s i o n c o e f f i c i e n t  o f  t h e  
c o n d e n s e d  s team,  w e  c h o s e  t h e  f o l l o w i n g  p a t t e r n  f o r  t h e  p r o c e s s  o f  
s p o n t a n e o u s  c o n d e n s a t i o n :  (1) i n d i v i d u a l  g r o u p s  of m o l e c u l e s ,  c a p -  
a b l e  o f  f u r t h e r  * c o n s o l i d a t i o n ,  a r e  formed i n  , t h e  s u p e r c o o l e d  steam 
as a r e s u l t  o f  f l u c t u a t i o n s ; '  ( 2 )  c o n d e n s a t i o n  o f  t h e  steam t a k e s  
p l a c e  s p o n t a n e o u s l y  on t h e s e  n u c l e i  upon r e a c h i n g  d e f i n i t e  s u p e r -  
s a t u r a t i o n ,  w h i l e  f o r  a s h o r t  p e r i o d  o f  t i m e  T = sec r a t h e r  
l a r g e  d r o p s  f o r m  whose d i m e n s i o n s  are  1 - 1 . 5  o r d e r s  o f  magn i tude  
l a r g e r  t h a n  t h e  i n i t i a l  n u c l e i ;  i n  t h i s  case t h e r e  i s  a s h a r p  
d e c r e a s e  i n  t h e  s u p e r s a t u r a t i o n  o f  t h e  steam; ( 3 )  f u r t h e r  conden-  
s a t i o n  t a k e s  p l a c e  on t h e s e  d r o p s  w i t h  minimum s u p e r s a t u r a t i q n  
( s u p e r c o o l i n g ) ,  

# 
I n  i n t e r p r e t i n g  t h e  e x p e r i m e n t a l  d a t a  w e  d i d  n o t  t a k e  i n t o  

a c c o u n t  t h e  e f f e c t s  of  c o a g u l a t ' i o n  and f r a c t i o n a t i o n  i n  view of  
t h e  l a rge  d i s t a n c e  be tween d r o p s  ( a b o u t  loe4 cm) and  t h e i r  s m a l l  
l a t e r a l  v e l o c i t y  component .  5 r 

.. * , 

A s  w e  c a n  c o n c l u d e  f rom F i g u r e  2 , .  t h e r e  a re  v e r y  s m a l l  d r o p s  
a t  t h e  i n i t i a l  moment o f  c o n d e n s a t i o n .  E x t r a p o l a t i o n  o f  t h e  c u r v e s  
r = f ( Z )  t o  t h e  a b s c i s s a  of t h e  p o i n f  K y i e l d s  t h e  v a l u e  r = 5 - 1 0  1. 
For a s h o r t  p e r i o d  of t i h e  t h e  d rops - ' g row t o  d i m e n s i o n s  of. 50 -100  8 .  
The h i g h e s t  g r o w t h  r a t e  o f  t h e  d r o p s  i s  o b s e r v e d  i n  t h e  zone  X - K ' ,  
t h e n  t h e  g rowth  r a t e  d e c r e a s e s  a n d ,  b e g i n n i n g  a t  some p o i n t  L a t  a 
d i s t a n c e  2 Z 1 5 0  mm,  t h e  g rowth  o f  t h e  d r o p s  i s  r o u g h l y  l i n e a r .  

A c c o r d i n g  t o  t h e  Ke lv in -He lmho l t z  f o r m u l a  

l n P / P ,  = 201.41 / r . R . T ,  

where  0 i s  t h e  c o e f f i c i e n t  o f  s u r f a c e  t e n s i o n ;  R i s  t h e  g a s  c o n s t a n t .  

The d i m e n s i o n s  o f  t h e  d r o p s  a t  t h e  b e g i n n i n g  o f  t h e  l i n e a r  
p a r t  o f  t h e  c u r v e  r = f < Z )  c o r r e s p o n d  t o  s u p e r s a t u r a t i o n  P/P, = 1.1- 
1 . 0 1 ,  i . e . ,  t h e  p r e s s u r e ' a n d  t e m p e r a t u r e  o f  t h e  d r o p  and t h e  sur- 
r o u n d i n g  steam a r e  e q u a l  and  c o r r e s p o n d  t o  t h e  p a r a m e t e r s  of t h e  8 
p l a n e  b o u n d a r y  d i v i d i n g  t h e  p h a s e s .  I n  t h i s  case w i t h  m o d e r a t e  
l o n g i t u d i n a l  p r e s s u r e  g r a d i e n t s  and  c o m p a r a t i v e l y  s m a l l  d i m e n s i o n s  / 3 2 J  
o f  t h e  d r o p s  ( l e s s  t h a n  t h e  l e n g t h  of  t h e  mean f r e e  p a t h  of mole-  
c u l e s ) ,  t h e  p a r a m e t e r s  o f  t h e  d r o p ,  a s  was shown i n  r e f e r e n c e  C 6 l s  
w i l l  a l m o s t  i n s t a n t a n e o u s l y  f o l l o w  t h e  c h a n g e  i n  t h e  p a r a m e t e r s  of 
t h e  s team, i . e . ,  t h e  c o n d e n s a t i o n  p r o c e s s  i s  a n  e q u i l i b r i u m  one .  

The o p t i c a l  method u s e d  i n  our work a l s o  a l l o w e d  u s  t o  o b s e r v e  
t h e  i n f l u e n c e  o f  t h e  p a r a m e t e r s  c o r r e s p o n d i n g  t o  t h e  s a t u r a t i o n  
s t a t e ,  o n  t h e  k i n e t i c s  of  c o n d e n s a t i o n .  I t  a p p e a r e d  t h a t  t h e  dimen- 
s-ion o f  t h e  d r o p s  i n  t h e  z o n e  o f  d e v e l o p e d  c o n d e n s a t i o n  i n c r e a s e d  
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s i g n i f i c a n t l y  as t h e  s a t u r a t i o n  p r e s s u r e  P s a t  i n c r e a s e d  ( F i g ,  3 ) .  
The number. o f  d r o p s  p e r  u n i t  volume d e c r e a s e d .  Thus f o r  t h e  p o i n t  
L which  marks  t h e  b e g i n n i n g  o f  t h e  l i n e a r  p a r t  o f  t h e  c u r v e  r = 
~ C Z )  w i t h  Psat = 0 . 5  b a r ,  P = 3.8010'~ e m  a n d  z = 6 . 3 0 1 0 ~ ~  l / c m 3 ;  

1 _ .  

F i g .  5 .  The Dimens ion  o f  t h e  
Drop and  t h e  V a l u e  of  S u p e r -  
c o o l i n g  as a F u n c t i o n  o f  T i m e  
f rom t h e  Moment o f  Condefisa- 
t i o n :  PO = 2 . 8 4  b a r ,  T o  = 168OC: 
(1) ( T ,  - T )  = f ( ~ > ;  ( 2 )  A c -  
c o r d i n g  t o  ( 7 ) ;  ( 3 )  A c c o r d i n g  
t o  ( 8 ) ;  ( 4 )  A c c o r d i n g  t o  ' ( 9 ) .  - 

* 

w i t h  P s a t  = 1 0  b a r ,  r = 2.1*10'6 
c m  and  z = 3*109 l / c m 3 .  

c 
One n p f  t h e  u n s o l v e d  p r o -  

b lems o f  t h e  k i n e t i c s  o f  con-  
d e n s a t i o n  o f  s u p e r s a t u r a t e d  
steam i s  t h e  q u e s t i o n  o f  t h e  
q u a n t i t y  o f  l i q u i d  formed i n  
t h e  i n i t i a l  s t a g e  of s p o n t a n e o u s  
c o n d e n s a t i o n .  The c u r v e s  i n  
F i g u r e  4 were c o n s t r u c t e d ,  f rom 
t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s ,  
These  curv,es show t h e  d i m e n s i o n  
of  t h e  d r o p s  r and t h e  m o i s t u r e  
l e v e l  y as a f u n c t i o n  o f  t h e  
d i s t a n c e  t r a v e l e d  by t h e  steam 
f r o m  t h e  i n i t i a l  p o i n t  o f  con-  

- ' d e n s a t i o n  ( p o i n t  K i n  F i g .  2 ) .  
Fo r  c o m p a r i s o n ,  t h e  b r o k e n  lin'e 
shows t h e  change  i n  t h e  d e g r e e  
of  m o i s t u r e ,  computed a c c o r d i n g  
t o ,  t h e  e q u i l i b r i u m  t h e o r y  o f  
c o n d e n s a t i o n ,  a s s u m i n g  t h e  
a b s e n c e  o f  s u p e r c o o l i n g .  I t  i s  
c l e a r  f rom F i g u r e  4 t h a t  t h e r e  
is a s u b s t a n t i a l  d i f f e r e n c e  be-  
tween  t h e  v a r i a t i o n  l a w s  o f  t h e  

t h e o r e t i c a l . a n d  o b s e r v e d  m o i s t u r e  c o n t e n t  i n  t h e  i n i t i a l  s t a g e  of  
t h e  c o n d e n s a t i o n  p r o c e s s .  A c c o r d i n g  t o  t h e  e x p e r i m e n t  a t h e  g r e a t e s t  
change  i n  t h e  m o i s t u r e  c o n t e n t  ( d y / d Z )  t a k e s  p.lace i n  t h e  z o n e  of  I 

t h e  h i g h e s t  g r o w t h  r a t e  o f  t h e  d r o p s ,  1 - 0 - 1 0  m m .  I t  i s  i n  t h i s '  
r a n g e  t h a t  t h e  c h a r a c t e r i s t i c  s t e p  K - K '  i s  o b s e r v e d  on t h e  p r e s -  
s u r e  c u r v e  ( F i g .  2 ) .  

I n  a q u a l i t a t i v e  s e n s e  t h e  o b t a i n e d  e x p e r i m e n t a l  r e s u l t s  a g r e e  
f u l l y  w i t h  c o n c l u s i o n s  of  t h e  c l a s s i c a l  t h e o r y  o f  n u c l e a r  conden-  
s a t i o n  o f  s u p e r c p o l e d  s t e a m .  I n  p a r t i c u l a r  t h e r e  i s  a good 
t i o n  be tween  our r e s u l t s  and  t h e  c a l c u l a t i o n s  made a c c o r d i n  
' t h e  s y s t e m  o f  e q u a t i o n s  p r e s e n t e d  i n  r e f e r e n c e s  C6, 7 1 .  

Q u a n t i t a t i v e l y  t h e r e  i s  s a t i s f a c t o r y  a g r e e m e n t  i n  t h e  number 
of d r d p s  formed i n  c o n d e n s a t i o n  p e r  u n i t  volume o f  steam. Thus ,  
f o r  t h e  p a r a m e t e r s  shown i n  F i g u r e  4 ,  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  
number o f  p a r t i c l e s  z i s  2 , 5 5 * 1 0 1 2 1 / c m 3 ,  and  t h e  number a c c o r d i n g  
t o  t h e  Folmer  t h e o r y  is  1 . 8 5 * 1 0 l 2  l / c m 3 .  

The l a w s  o f  t h e  g r o w t h  of  p a r t i c l e s  i n  t h e  l i q u i d  p h a s e ,  and  
c .onsequent ly  a l s o  t h e  l a w s  of t h e  p r e c , i p i t a t i o n  of  c o n d e n s a t e  i n  
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t h e  i n i t i a l  s t a g e  of  t h e  p r o c e s s  o f  s p o n t a n e o u s  c o n d e n s a t i o n ,  d e t e r -  
mined by t h e o r y  and  o b t a i n e d  e x p e r i m e n t a l l y ,  d i s a g r e e  s u b s t a n t i a l l y  
( F i g .  5 ) .  c 

3' 

The B u l e r  f o r m u l a ,  o b t a i n e d  on t h e  b a s i s  o f  m o l e c u l a r - k i n e t i c  
c o n c e p t s ,  e s t a b l i s h e s  a l i n e a r  l a w  f o r  t h e  change  i n  t h e  d i m e n s i o n s  

, of  t h e  d r o p s  o v e r  t i m e  I 

where  C p  and  V s t  a r e  t h e  s p e c i f i c  h e a t  and  t h e  s p e c i f i c  volume o f  
t h e  steam p h a s e  r e s p e c t i v e l y ,  h l a t  i s  t h e  l a t e n t  h e a t  o f  condgn-  
s a t i o n ;  T ,  i s  t h e  t e m p e r a t u r e  of t h e  d r o p s  e q u a l  t o  t h e  t e m p e r a t u r e  
of t h e  s t eam i n  a s t a t e  of s u p e r s a t u r a t i o n ;  K s l , i s  t h e  i n d e x  o f  
i s e n t r o p y .  

An a l m o s t  a n a l o g o u s  l a w  o f  t h e  g r o w t h  of  t h e  d r o p s  was g i v e n  
i n  r e f e r e n c e  [7]. The a u t h o r  began  f ro@ t h e  c o n d i t i o n s  of h e a t  
t r a n s f e r  i n  r a r e f i e d  g a s e s  : -. . 

where  k i s  B o l t z m a n n ' s  c o n s t a n t ,  mg i s  t h e  m o l e c u l a r  m a s s ;  C = a d T  a i s  t h e  a c c o m o d a t i o n  c o e f f i c i e n t ,  t a k e n  f rom E81 t o  e q u a l  0.04. - 
Folmer  o b t a i n e d  t h e  f o l l o w i n g  r e l a t i o n s h i ' p  f o r  t h e  t i m e  o f  t h e  

q u a s i s t a t i o n a r y  f o r m a t i o n  p r o c e s s  o f  one  d r o p  o f  c r i t i c a l  d i m e n s i o n :  

where  v B  i s  t h e  volume o f  a m o l e c u l e  i n  t h e  l i q u i d  p h a s e .  
- -_ 

I t  f o l l o w s  f r o m  F i g u r e  5 t h a t  n o t  one  o f  t h e  above  m e n t i o n e d  
r e l a t i o n s k i i p s  confo rms  w i t h  r e a l i t y .  C u r v e s  2 ,  3 ,  4 i n  F i g u r e  5 
were c o n s t r u c t e d  f rom t h e  c o r r e s p o n d i n g  f o r m u l a s  on  t h e  a s s u m p t i o n  
t h a t  t h e  t e m p e r a t u r e  d i f f e r e n c e  (9, - T )  i s  c o n s t a n t .  The e x p e r i -  
m e n t a l l y  d e r i v e d .  f u n c t i o n  f o r  t h e  d i m e n s i o n  o f  a d r o p  i s  r o u g h l y  
a l i n e a r  f u n c t i o n  of l o g  T, w h i l e  t h e  g r o w t h  r a t e  of  a d r o p  a t  t h e  

' s t a r t  o f  t h e  c o n d e n s a t i o n  p r o c e s s  i s  g r e a t e r  t h a n  t h a t  d e t e r m i n e d  
by ( 7 )  - ( 9 ) .  A s  t h e  t i m e  e l a p s e d  f rom t h e  b e g i n n i n g  o f  conden-  
s a t i o n  i n c r e a s e s ,  t h e  r a t e  o f  c h a n g e  of  t h e  d i m e n s i o n  o f  a d r o p  
becomes l e s s  t h a n  t h e  a b o v e  m e n t i o n e d  r e l a t i o n s h i p s  would i n d i c a t e .  



An a p p r o x i m a t i o n  of t h e  e x p e r i m e n t a l  c u r v e  y i e l d s  a n  e x p r e s s i o n  
i n  t h e  form 

which  f o r  a g i v e n  r e g i m e  o f  t h e  n o z z l e  (2‘0 2 2.84 b a r  and  $ 0  l f i 8 O C )  
may b e  e x p r e s s e d “  as  

where  w e  may t a k e  f o r  t h e  i n i t i a l  d i m e n s i o n  ro t h e  d i m e n s i o n  of t h e  , 

n u c l e u s ,  a c c o r d i n g  ‘ t o  ( 6 )  e q u a l  t o  5 . 2 2  8 .  
The e x p e r i m e n t a l l y  d e r i v e d  f u n c t i o n  r e l a t i n g  t h e  dimensilbn of  

t h e  d r o p  t o  t i m e  a l s o  a l l o w e d  u s  t o  d e t e r m i n e  f h e  n a t u r e  o f  t h e  
d e c r e a s e  i n  s u p e r c o o l i n g  as  t h e  c o n d e n s a t i o n  p r o c e s s  d e v e l o p e d  
( F i g .  5 ) .  

I t  i s  c l e a r  i n  t h i s  case t h a t  s u p q r c o o l i n g  d e c r e a s e s  v e r y  
r a p i d l y :  for a t i m e  T w s e c  th-e v a l u e  o f  s u p e r c o o l i n g  d e c r e G s e s ’  
f rom 4 0  t o  2 O C .  Wi th  s u b s e q u e n t  deve lopmen t  of  t h e  c o n d e n s a t i o n  ’ 
p r o c e s s  t h e  v a l u e  of  s u p e r c o o l i n g  r e m a i n s  p r a c t i c a l l y  c o n s t . a n t  and  
e q u a l  t o  1 - 2 O C  [ w e  r e c a l l  t h a t  t h e o r e t i c a l l y  (T, - T )  t O ° C  w i t h  
P + 001. r 

We w i l l  now a s c e r t a i n  t h e  v a l i d i t y  o f  o u r  assump. t ion  t h a t  t h e  
number of  d r o p s  i n  t h e  c o n d e n s a t i o n  p r o c e s s  i s  c o n s t a n t .  A n a l y s i s  
o f  t h e  o b t a i n e d  r e s u l t s  ( i n  p a r t i c u l a r  t h e  g rowth  r a t e  o f  t h e  d r o p s  
a n d  t h e  d e c r e a s e  i n  s u p e r c o o l i n g )  a l l o w s  u s  t o  assume t h a t  t h e  p r o -  
cess  o f  n u c l e u s  f o r m a t i o n .  i s  c o m p l e t e d  i n  a v e r y  s h o r t  i n t e r v a l  o f  
t i m e  T =lo-* - sec .  Roughly t h e  same r e s u l t  i s  o b t a i n e d  f rom 
t h e  c a l c u l a t i o n s  a c c o r d i n g  t o  t h e  c l a s s i c a l  f o r m u l a s  f o r  t h e  forma-  
t i o n  r a t e  o f  c o n d e n s a t i o n  n u c l e i ,  p r o p o s e d  by  F o l m e r ,  B a k e r  a n d  . 
F r a n k l .  I n  o u r  example ,  t h e  steam moves a n  i n s i g n i f i c a n t  d i s t a n c e  
1 = 0 . 1  y 0 . 0 1  mm i n  s u c h  a s h o r t  s p a n  o f  t i m e .  T h e r e f o r e  when 
s t u d y i n g  t h e  s p o n t a n e o u s  c o n d e n s a t i o n  o f  s team i n  n o z z l e s  w e  n a t u r -  
a l l y  assume t h a t  t h e  number o f  d r o p s  i s  c o n s t a n t  i n  a l l  s t a g e s .  

/3E - 

- 
I n  c o n c l u s i o n  w e  n o t e  t h e  f o l l o w i n g .  D e s p i t e  t h e  f a c t  t h a t  t h d  

method w e ’ u s e d  i n  o u r  work a l l o w e d  u s  t o  o b t a i n  new e x p e r i m e n t a l  
d a t a . o n  t h e  mechanism o f  s p o n t a n e o u s  c o n d e n s a t i o n  w i t h  v a r i o u s  
o p e r a t i n g  regimes of  t h e  n o z z l e ,  n o n e t h e l e s s  it is, t o o  soon  t o  draw 
t h e  f i n a l  c o n c l u s i o n s  a b o u t  t h e  k i n e t i c s  o f  c o n d e n s a t i o n .  I t  is  
n e c e s s a r y  t o  i n v e s t i g a t e  a s i g n i f i c a n t  number o f  s u p e r s o n i c  c h a n n e l s  
w i t h  v a r i o u s  g e o m e t r i c  c o n f i g u r a t i o n s  of t h e  f l o w  s e c t i o n  i n  o r d e r  
t o  f o r m u l a t e  r e l i a b l e  a n d  p r a c t i c a l l y  c o n v e n i e n t  a n a l y t i c  f u n c t i o n s  
for d e s c r i b i n g  s p o n t a n e o u s  c o n d e n s a t i o n  i n  n o z z l e s ,  
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